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Veroffentlicht 

Mit imernationalem Recherchenbericht. 
Vor Ablauf der Jur Anderungen der Anspruche zugelasse- 
nen Frist. Verojjentlichung wird wiederhoh falls Anderun- 
gen eintreffen. 



(54) Title: USE OF COLLAGEN FOR THE TREATMENT OF DEGENERATIVE JOINT AILMENTS 

(54) Bezeichnung: VERWENDUNG VON KOLLAGEN ZUR BEHANDLUNG VON DEGENERATIVEN GELENKPRO- 
ZESSEN 

(57) Abstract 

The invention concerns the use of collagen to prepare a drug for the treatment of degenerative joint ailments. In a pre- 
ferred embodiment, an injection suspension containing collagen and, optionally, a local anaesthetic is prepared. This suspension 
is administered by injection into the affected joints. 

(57) Zusammenfassung 

Die Erfindung betrifft die Verwendung von Kollagen zur Herstellung eines Arzneimittels zur Behandlung von degenerati- 
ven Gelenkprozessen. Bevorzugt wird eine Injektionssuspension hergestellt, die Kollagen und ggf. ein lokales BetSubungsmittei 
enthait Diese Injektionssuspension wird durch Injektton in die betroffenen Gelenke appliziert 
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Verwendung von Kollagen zur Behandlung von degenerativen 
Gelenkprozessen 

Die Erfindung betrifft die Verwendung von Kollagen zur 
Behandlung von degenerativen Gelenkprozessen. 

Der Grundtypus der degenerativen, nicht entziindlichen 
Gelenkerkrankungen ist die Arthropathia oder Arthrosis 
deformans des hoheren Lebensalters. Befallen sind 
hauptsachlich breitwuchsige Menschen, mehr Manner als 
Frauen, nach dem 50. Lebensjahr. Das Leiden beginnt 
schleichend, -verlauft aber auch in Schiiben und zu Beginn 
schmerzlos. Die Gelenke sind nur bei bestinmten Bewegungen 
empfindlich. Schonung der Gelenke begiinstigt das 
Fortschreiten des Leidens, doch Ubung sowie Massagen bringen 
Abhilfe. Durch Behandlung mit Ultrakurzwellen konnen auch 
gute Erfolge erzielt werden. 

Weitere bisher iibliche Therapien sind die systematische 
Verabreichung von nicht steroidalen Antirheumatika und 
gegebenenfalls intraartikulare Injektionen von 
Chondr opro t ektiva , Hombopathxka, Lokalanasthetika bzw. 
Cortison. Diese Therapien haben jedoch den Nachteil, daB 
die durch die degenerativen Gelenkprozesse letztendlich 
eintretende Gelenkzerstorung nicht verhindert, sondern nur 
hinausgezogert werden kann, da. die Neubildung von 
Gelenkschmierstoffen , wie beispielsweise 
Mucopolysaccharide, nicht angeregt werden kann und auch 
von auBen kein Gelenkschnierstof f in das betroffene Gelenk 
eingebracht wird. 

Rekonstituiertes Typ-Il-Kollagen kann zur Detektion von 
Antikorpem gegen intaktes Typ-I I -Kollagen in Blut bei 
Arthrorheumatismus verwendet werden (JP-A-62-012 800). 
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durch unterschiedliche Ursachen hervorgemfenem 
Hautschwund und altersbedingten Hautfalten auftreten. 
Diese kollagenhaltigen Arzneimittel warden unter die 
auf zufiillenden Hautstellen injiziert und enthalten aus 
diesem Grand in der -Regel ein ortliches Betaubungsmittel . 

Aufgabe der vorliegenden Erf indung ist es, ein 
Arzneimittel zur Therapie degenerativer Gelenkprozesse 
herzustellen, das die obengenannten Nachteile nicht 
aufweist. 

Diese Aufgabe wird erfindungsgemaB dadurch gelost, daB 
Kollagen zur Herstellung eines Arzneimittels ziir Therapie 
degenerativer Gelenkprozesse verwendet wird, 

Bei dem verwendeten Kollagen handelt es sich urn 
unldsliches Kollagen, das beispielsweise aus Kalber- Oder 
Rinderhaut gewonnen werden kann; bevorzugt ist jedoch 
Kollagen aus Rinderhaut. 

Das Kollagen ist bevorzugt in einer Injektionssuspension, 
insbesondere- bevorzugt in einer Menge von etwa 20 bis 50 
mg/ml, enthalten. Die Injektionssuspension wird 
erf iridungsgpinS ft bei degenerativen Gelenkerkrankungen, vie 
Arthrose oder aktivierter Arthrose, durch Injektion in die 
Gelenke appliziert. Aus diesem Grund ist bevorzugt ein 
lokales BetSubungsm i tt el , vie Bupivacain oder Lidocain, 
enthalten* Insbesondere bevorzugt ist Lidocain in der 
Injektionssuspension enthalten. Die bevorzugte Menge des 
enthaltenen lokalen BetSubungsmittels betragt 1-5 ng/ml. 

Gegeniiber den bisherigen Therapien hat die erf indungsgeznMfie 
intraartikulSre Verwendung von Kollagen in ein em 
Arzneimittel den Vorteil, daB es den bei einer Arthrose nur 
noch urizulSnglich stattf indenden Gleitvorgang durch seine 
Eigenschaften begiinstigt, ohne irgendwelche Substanzen 
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2. 30 mg Kollagen aus Rinderhaut 

2 mg Bupivacain; 

3. 35 mg Kollagen aus Rinderhaut 

3 mg Lidocain; 

4. 40 mg Kollagen aus Rinderhaut 

3 mg Lidocain; 

5. 50 mg Kollagen aus Kalberhaut 
3,5 mg Bupivacain. 

Anvendungsbei spiel l 

Eine junge Frau, 32 Jahre alt, mit therapier es istenter 
Gonalgie, wurde mit vor etwa 1 1/2 Jahren mit Injektionen 
von 0,5 ml der kollagenhaltigen Injektionssuspension gemafl 
Beispiel 3 auf der einen und 1,0 ml auf der anderen Seite 
intraarticular in die Gelenke uber etwa 11/2 Jahre 
behandelt; sie war anschlieBend vollkommen beschwerdef rei . 
Eine Wiederholung der Therapie war nicht notwendig. 

Anwendungstoeispiel 2 

Injektionen bei Extension des HUftgelenkes ergaben nach 
Vorspritzen von 2 ml Lokalanasthes ie , dies nur zum ZwecJce 
der richtigen Nadellage, eine Besserung, nachdem 2 ml der 
kollagenhaltigen Injektionssuspension gemaB Beispiel 3 pro 
Gelenkseite intraartUcular infiltriert wurden. Der 
Beobachtungs zeitraum betrug annShemd zwei Jahre. Es wurde 
festgestellt, dafi vor allem die priairen arthrotischen 
Anlaufbeschwerden nach einen halben Jahr vollkommen 
zum Stillstand gekommen war en. 
Weitere ahnliche Kasuistiken liegen vor. 
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Patentanspriiche 

1. Verwendung von Kollagen zur Herstellung eines 
Arzneimittels zur Behandlung von degenerative*! 
Gelenkprozessen. 

2. Verwendung nach Anspruch- 1, dadurch gekennzeichnet, 
dafl das Kollagen in einer Injektionssuspension enthalten 
ist. 

3. Verwendung nach Anspruch 2, dadurch gekennzeichnet, 
dafl die Menge des in der Injektionssuspension 
enthaltenen Kollagens etwa 20-50 mg/ml betragt. 

4. Verwendung nach einem der Ansprtfche 1 bis 3, dadurch 
gekennzeichnet, daB weiterhin ein lokales 
Betaubungsmittel enthalten ist. 

5. Verwendung nach Anspruch 4, dadurch gekennzeichnet, 
daB die Menge des in der Injektionssuspension 
enthaltenen lokalen Betaubungsmittels 1 - 5 mg/ml 
betragt* 

6. Verwendung nach einem der Ansprtiche 1 bis 5, dadurch 
gefcennzeichnet, dafl das in dem Arzneimittel enthaltene 
Kollagen Kollagen aus Rinderhaut ist. 
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THE USE OF COLLAGEN FOR THE TREATMENT OF 
DEGENERATIVE JOINT PROCESSES 

The invention relates to the use of collagen for the treatment of degenerative joint 
processes. 

The basic type of degenerative, noninflammatory joint disease is the arthropathy or 
Arthrosis deformans of advanced age. Those afflicted generally are squat-bodied 
persons, more frequently men than women, above the age of 50. The disease 
commences slowly, but also proceeds intermittently and initially is painless. The 
joints are sensitive only in response to particular motions. Resting the joints favors 
the progression of the disease. Exercise and massages bring relief. Good success 
can also be achieved by treatment with ultrashort waves. 

Further treatments, which have hitherto been customary, are the systematic 
administration of nonsteroidal antirheumatic agents and, optionally, intraarticular 
injections of protective agents for cartilage, homeopathic agents, local anesthetics or 
cortisone. These therapies, however, have the disadvantage that, in the final analysis, 
they do not prevent the destruction of the joint arising from the degenerative joint 
processes, but only delay it, since the formation of new joint lubricants, such as 
mucopolysaccharides, cannot be stimulated and joint lubricant is not introduced into 
the affected joint from the outside. 

Reconstituted Type II collagen can be used for the detection of antibodies to intact 
Type II collagen in the blood in the case of arthrorheumatism (JP-A-62-012 800). 
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ration of protein antigens processed from 
the cytosol requires the transport of newly 
synthesized class I molecules from the ER, 
whereas presentation of exogenous synthetic 
peptides docs not. 

The dependence of protein antigen pre- 
sentation on the transport of class I mole- 
cules from the ER indicates that antigen 
association occurs either within the ER or in 
a post-ER exocytic compartment that is 
rapidly emptied of nascent class I molecules 
after exocytosis at the ER is blocked. A 
report that exogenous peptides induce as- 
sembly of class I heavy and light chains and 
transport from the ER in a mutant cell line 
deficient in these functions (17) favors the 
first possibility. Additional studies are need- 
ed to firmly establish the site of antigen 
association with class I molecules and to v 
assess the contributions of other cellular 
gene products to the process. 
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T Cells Responsive to Myelin Basic Protein in 
Patients with Multiple Sclerosis 

Mark Allegretta, Janice A. Nicklas, Subramaniam Sri ram, 
Richard J. Albertini 

Gene mutation in vivo in human T lymphocytes appears to occur preferen tially in 
dividing cells. Individuals with multiple sclerosis (MS) are assumed to have one or 
more populations of dividing T cells that are being stimulated by autoantigens. Mutant 
T cell clones from MS patients were isolated and tested for reactivity to myelin basic 
protein, an antigen that is thought to participate in the induction of the disease. The 
hypoxanthine guanine phosphoribosyltransferase (hprt) clonal assay was used to 
determine mutant frequency values in MS patients with chronic progressive disease. 
Eleven of 258 thioguanine-rcsistant (hprt') T cell clones from five of the six MS 
patients who were tested proliferated in response to human myelin basic *>rotein 
without prior in vitro exposure to this antigen. No wild-type clones from these 
patients, nor any hprt' or wild-type clones from three healthy individuals responded to 
myelin basic protein. Thus, T cell clones that react with myelin basic protein can be 
isolated from the peripheral blood of MS patients. 



ALTHOUGH THE ETIOLOGY OF MS IS 
unknown, an autoimmune basis for 
this demyeiinating disorder has been 
proposed (1). The similarity of MS to ex- 
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perimental allergic encephalomyelitis 
(EAE), a relapsing disease of mice, has 
suggested that MS, like EAE, might be a 
consequence of autosensitization to myelin 
basic protein (MBP) (2)/ However, at- 
tempts to isolate MBP-reactive T cells from 
the blood, cerebrospinal fluid, or plaque 
tissue obtained at autopsy from MS patients 
has been unsuccessful without stimulation 
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with MBP in vitro (3). Although it is possi- 
ble to done MBP- reactive T cells from 
^•nphcral blood of MS patients through 
djtial antigenic stimulation, the signifi- 
of this observation is unclear, since 
these clones can also be derived from normal 
individuals. In EAE, the frequency of MBP- 
reactive clones in the target organ and pe- 
ripheral blood is low (4). Hence any at- 
tempts to isolate directly the clones critical 
to the induction and maintenance of disease 
is difficult Our strategy to enhance the 
likelihood of obtaining the critical clones in 
MS has been to use somatic mutation as a 
marker for in vivo cell division. 

Mutations in the hypoxanthine guanine 
phosphoribosyltransfcrase (hprt) gene can be 
analyzed by the isolation of rare thiogua- 
nine-resistant (hprt') T lymphocytes in the 
peripheral blood. A clonal assay developed 
far this purpose is useful in monitoring 
humans for somatic cell mutations that oc- 
cur spontaneously or are induced by expo- 
sure to environmental mutagens. The mean 
mutant frequency (MF) of hprt' T cells in 
normal adults is (5.4 ± 4.8) x 10~ 6 (5). 

We showed earlier that mutation occurs 
preferentially in dividing T cells (6), presum- 
ably as a result of errors in replication, 



temporally insufficient DNA repair, or fixa- 
tion of mutation. Therefore, the mutant 
fraction of clones will be enriched in cells 
that have undergone recent division in vivo. 
On the basis of this assumption and the 
assumption that MS patients have an under- 
lying population of T cells that are dividing 
in response to autoantigens, we tested the 
hypothesis that MS patients have a greater 
frequency of mutant T cells than do normal 
controls. Furthermore, the population of 
hprt~ T cell clones will contain cells that 
show reactivity to the candidate autoantigen 
MBP, which induces dcmyelinating disease 
in animals. This approach implies that the 
clonal assay for hprt' T cells can be used to 
restrict the population of T cells isolated to 
favor those that have undergone recent divi- 
sion in vivo and are presumably relevant to 
the disease process. 

Frequencies of mutant T cells were ob- 
tained by an hprt clonal assay of 24 (11 male, 
13 female) MS patients (Table 1). Cloning 
efficiencies ranged from 4.7% to 100%. 
Four categories were used for disease sever- 
ity: nine males and four females had chronic 
progressive-progressive (CP-P) disease; one 
male and one female had chrome progres- 
sive-stable (CP-S) disease; no males and six 



• 1 . Clinical history and mutant frequency (MF) of 24 MS patients with varying disease severity, 
j :nts were selected from the MS clinic at the Medical Center Hospital of Vermont. Informed consent 
was obtained from each patient. The mean age of the females was 44.2 and of the males was 47.6. Both 
groups had similar ages of disease onset (males, 31.3; females, 30.8). Values ranged from 2.0 to 8.5 on 
the Kurtzke disability sutus scale. Mutant frequency is expressed as number of mutants per 10 6 cells. 
Patients 1 and 2 had received cyclophosphamide 5 years ago and 7 years ago, respectively, before this 
study. Patients were categorized as RR-A if new neurological deficits developed and persisted for more 
than 24 hours and correlated with objective findings that were new on neurological exam. Evanescent 
symptoms, sensory or motor, were not considered. All patients who were in the acute exacerbation 
group had received steroids either orally or parenterally in the preceding 48 hours. Patients were 
categorized as CP-P if they had changed by at least one Kurtzke scale in the preceding year. Patients 
who were CP-S had remained unchanged in their Kurtzke scale value during the preceding year. 



Patient 

no. 


Ape 
and sex 


Age at 

onset 


Disease 
duration 


Clinical 
status 


Disability by 
Kurtzke scale 


MF 


1 


31/M 


19 


11 


CP-P 


- 7.5 


45.0 


2 


41/M 


19 


22 


CP-P 


8.5 


81.3 


3 


61/M 


56 


6 


CP-P 


6.0 


15.1 


4 


44/F 


24 


20 


CP-P 


7.0 


4.0 


5 


51/F 


36 


15 


CP-P 


6.5 


3.6 


6 


467F 


21 


26 


RR-S 


7.0 


2.3 


7 


47/F 


32 


15 


RR-S 


3.0 


4.0 


8 


43/M 


38 


5 


CP-P 


6.5 


8.1 


9 


62/M 


42 


20 


RR-S 


2.0 


41.8 


10 


51/M 


26 


25 


CP-P 


6.5 


42.2 


11 


48/M 


41 


8 


CP-P 


6.5 


56.5 


12 


27/M 


21 


7 


CP-P 


40 


27.0 


13 


41/F 


27 


14 


CP-P 


7.0 


8.0 


14 


51/F 


46 


5 


RR-A 


2.5 


11.9 


15 


59/M 


10 


49 


CPS 


6.5 


29.8 


16 


44/F 


37 


7 


RR-A 


2.5 


22.0 


17 


39/F 


37 


2 


RR-A 


2.5 


17.2 


18 


467M 


31 


15 


CP-P 


6.0 


13.4 


*9 


467F 


15 


31 


CP-P 


50 


8.0 
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RR-A 


50 


7.9 
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32 
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RR-A 


30 


3.1 


22 


55/M 


41 


14 


CP-P 


40 


8.9 


23 


37/F 


32 
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RR-A 


3 5 


3.4 


24 


53/F 


26 


27 


CPS 


6.0 


11.6 
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Fig. 1. Scatter plot of MF related to disease status. 
Cloning efficiencies (nonselection and thiogua- 
nine selection) were calculated by the Poisson 
relation P 0 = e~\ which defines the average num- 
ber of donable cells per well (x), and then divided 
by the number of cells added to wells. Mutant 
frequency is defined as the cloning efficiency in 
selection divided by the cloning efficiency in 
nonselection. Cloning assays were performed as 
described (5). Error bars represent 95% confi- 
dence limits of the means. 

females had recurring rcmitting-acute (RR- 
A) disease; and two females and one male 
had recurring rcmitting-stable (RR-S) dis- 
ease. The mean MPs for the four groups 
were CP-P, 24.7 x 10' 6 ; CP-S, 20.7 x 
10" 6 ; RR-A, 10.9 x 10" 6 ; and RR-S, 16 x 
10~ 6 . The mean MF for the males was 33.9 
x 10"* and for the females was 8.2 x 10" 6 . 
This apparent sex effect may reflect the fact 
that most of the patients with chronic pro- 
gressive disease were males (10 of 15). A 
scatter plot shows that normal MFs in 
healthy adults range from 1 x 10~ 6 to 13.9 
x 10* 6 , with a mean of 5.4 x 10" 6 (Fig. 1). 
In patients with chronic progressive disease 
the MF was significantly higher than that of 
normal adults (P = 0.014, Welch t test; P = 
0.018, Wilcdxon rank sum test). An in- 
creased MF in one patient with RR-S dis- 
ease may be an indication of disease dura- 
tion. 

In order to determine the functional 
specificity of wild-type and hprt' clones, we 
performed proliferation assays to test reac- 
tivity to MBP. Clones were also tested for 
response to two irrelevant antigens as con- 
trols. A total of 497 clones from six MS 
patients and three normal individuals was 
tested. The three normal controls, males 
aged 30, 25, and 26, had MFs of 8.3 x 
10"*, 5.5 x 10" 6 , and 3.9 x 10" 6 , respec- 
tively. Eleven of the 258 hprt' T cell clones 
isolated from five of six patients showed a 
proliferative response to MBP (stimulation 
index >3.5) (Table 2). None of the 93 wild- 
type clones from MS patients and none of 
114 hprt~ or 32 wild-type clones isolated 
from three normal individuals responded to 
MBP. Each done was tested with at least 
two irrelevant antigens, and no reactivity to 
streptokinase, varicella zoster, Candida, or 
tetanus toxoid was observed. If it is assumed 
that all control dones represent the same 
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population of T cells (a total of 239 MS 
wild-type, normal hprt', and normal wild- 
type clones), the probability of finding this 
distribution (11 MBP-rcactive dories in 258 
versus 0 in 239) by chance alone is low 
(P = 0.001, binomial approximation for a 
conditional Poisson distribution). 

We assume that the hprt mutation in each 
of these clones is unrelated to their reactiv- 
ity. The observation that many other hprt~ 
clones from these patients, as well as hprt' 
clones from normal individuals, did not 
respond to MBP supports this assumption. 
Selection for mutation at another locus 
would presumably allow the isolation of 
similar clones, simply by virtue of their 
clonal expansion and susceptibility to muta- 
tion in vivo. At present, this assumption is 
not proven. There arc genes on the X chro- 
mosome that control functions related to 
immune responsiveness. In addition, adrc- 
noleukodystrophy syndrome (an inherited 
demyelinating disorder) maps to the long 
/ arm of the X chromosome (Xq28) near hprt 
(7). This syndrome shares several symp- 
toms with MS, and structural changes in 
this region of the X chromosome may 
influence similar immune functions in 
both diseases. 

Two previous studies have demonstrated 
normal hprt mutant frequencies in patients 
with MS (8); however, the disease status of 
these patients was not reported, and MFs 



may be increased only in chronic disease. 
We have thus studied a larger number of 
patients of varying disease status and found 
high MFs in MS patients with chronic dis- 
ease. Several explanations may account for 
the absence of high MFs among patients 
with recurring remitting disease. A high MF 
may be an indicator of the clonal expansion 
of a single hprt' T cell clone in vivo (9). We 
used DNA blot analysis of T cell receptor 
rearrangements on 145 hprt' T cell clones 
from three CP-P patients to show that this is 
not the case (10). A high MF may also 
indicate duration of disease, and the accu- 
mulation of hprt' T cells with time would 
be expected to result in a high value. There- 
fore, disease of long standing may be re- 
quired for a sufficient number of hprt' T 
cells to accumulate. In addition, compart- 
mentalization of MBP- reactive clones in the 
central nervous system and lymph nodes 
may occur in remitting disease and may 
result in the depletion of such clones from 
the peripheral blood 

Much effort has been focused on the 
relation of MBP to MS, and the success of 
immunotherapy in animal models such as 
EAE has heightened interest in finding 
MBP-rcactive T cell clones in MS patients. 
The observation that T cell clones from two 
divergent species (rat and mouse) use strik- 
ingly homologous V0 and Vol genes in the 
recognition of distinct encephalitogenic epi- 



topes of MBP (H) has intensified the search 
for analogous associations in humans. 

Extensive studies have shown that autore- 
active T cell clones as such are absent or rare 
in MS patients (3), even when compartmen- 
tally restricted T cell clones are analyzed. 
However, it is clear that there are increases 
in certain populations of activated T cells in 
the peripheral blood of MS patients (12). It 
is possible that the hprt' MBP-rcactive T cell 
clones we isolated may not be unique to MS . 
Low-level reactivity to MBP has been ob- 
served in clones obtained from the cerebro- 
spinal fluid of patients with postinfectious 
encephalomyelitis (3). Since the frequency 
of MBP-reacrivc clones within the mutant 
fraction of MS patients is low, it does not 
entirely account for the increased MFs. Oth- 
er mechanisms such as increased susceptibil- 
ity to mutation, in vivo selection for the 
mutant phenotype, or in vivo expansion in 
response to other antigens may give rise to 
the increase in MF. Several of these clones 
express a helper T cell phenotype and may 
contribute to the oligoclonal immunoglob- 
ulin production often seen in these patients. 

The availability of MBP-spccific clones 
will allow the characterization of those aber- 
rant T cell functions that persist in the 
peripheral blood of MS patients. Other 
autoimmune diseases with a suspected T cell 
involvement should lend themselves to this 
approach. 



TMm , 1 1 i^- T done* fi^n five MS patients. Numbers represent [ 3 H]thynudine incorporation as mean counts per minute ± 

£^ir^^^ Stimulation EofMBP issWn in parenW Wild-type and hprC T ceUdones 

cSwc^cd for reactivity to MBP (16). Briefly, between 1 x 10* and 5 x 10* cloned cells were pkced with an equal number °^f^( 3 ^ d J 
«™t^T bkid mononuclear cells aT antim-prescnting celb in flat-bottomed 96-wdi microliter plates. Wdls received either optimal 

£2S^^ with phytohemagglutimn (PHA) (0.1 u-g/ml), med^ or 

^^rXen ^txTcS^^S^s tested as a crude extract at a final dilution of 1 : 1 00 (w/v); tetanus toxoid was adsorbed on 

vitro infection of fibroblast monolayers. All irrelevant antigen preparations had repeated* tested P^ wc ^^ c ^^^f^^ 
STSSp^as tested at serial log dilutions of either 1,10, and 100 or 3, 30, and 300 jtg/mU data shown are from the concenmnon ^at ^ve opn^ snmu- 
StoXcd rnaxknll incorporation with MBP at 100 a^/ml except done 17 from patient 1 which responded maximally to 30 ^Cdrures 
wcTtr^tc^^ aU^perwell for 16 hours before being narvested on a mukKhannd automated sample harvester and quanntated in a 

scintillation counter. 
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1,773 ± 989(8.7) 



8,457 ± 1,523 
1,689 ± 190 

2,148 ± 303 



1,455 ± 1,124 



23,096 ± 2,618 (4.9) 
28,767 ± 3,062 (6.2) 
6,192 ± 1,100 (9.3) 
3,221 ± 244 (4.9) 
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7,370 ± 1,450 (4.8) 
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Influence of Scene-Based Properties on Visual Search 

James T. Enns* and Ronald A. Rensink 

The of visual search is to determine as rapidly as possible whether a target item is 
present or absent in a display. Rapidly detected hems arc thought to contain features 
that correspond to primitive elements in the human visual system* In previous theories, 
"it has been assumed that visual search is based on simple two-dimensional features in 
**- - image. However, visual search also has access to another level of representation, 
that describes properties in die corresponding three-dimensional scene. Among 
Inese pr op er ties are dure dimensionality and the direction of lighting, but not viewing 
direction. These findings imply that the parallel processes of early vision are much 
more sophisticated than previously assumed. 



IT IS EASY TO DETECT A VERTICAL LINE 
placed among a group of horizontal 
lines. The vertical line "pops out," 
drawing attention to itself regardless of how 
many horizontal lines are present. In con- 
trast, searching for a T-shaped target among 
L-shaped distractors requires conscious ef- 
fort, and search time increases linearly with 
the number of L-shaped distractors in the 
display. These two classes of search exempli- 
fy the visual search paradigm, a useful tool 
for detemiining the primitive elements of 
early human vision. 

In theories of visual search it is hypothe- 
sized that there are two subsystems (1-1). 
The first is a prcattentivc system capable of 
detecting simple features (for example, ori- 
ented lines) in parallel across the image. 
Processes at this stage do not detect spatial 
relations between features (for example, the 
relative locations of line segments). These 
spatial relations can only be determined by a 
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second system that inspects each collection 
of features in a serial fashion. 

When talking about features, however, 
one must distinguish between the world of 
objects in three-dimensional space (that is, 
the scene) and its projection onto a two- 
dimensional array (that is, the image). In a 
scene of objects illuminated by a distant 
point source, the array of image intensities is 
detennined by: (i) direction of ughting, (ii) 
surface locations and orientations, (iii) sur- 
face reflectances, and (iv) viewing direction. 



Fig. 1. Experiment 1. The 
target (T) and distractor (D) 
items in the four condition* 
(A to D). Filled circles and 
bars represent data from tar- 
get-present trials; open or- 
cks and bars represent tar- 
get-absent trials. (A) Search 
is rapid when the items cor- 
respond to truxc-dimensioii- 
al blocks of different orienta- 
tion and lighting. (B to 0) 
Search is slow when the 
items are two dimensiooai 
Values are mean ± SEM. 
Display size indicates num- 
ber of items presented in s 
trial 



These properties are only captured by the 
relations among image features. 

The experiments in this report tested the 
sensitivity of preattentive vision to several of 
these relations. Target and distractor items 
were composed of polygons shaded with 
one of three intensities: white (a!! pixels lit), 
gray (alternate pads lit), and black (no 
pixels lit) (Figs. 1 through 4). Some of the 
items corresponded to projections of simple 
blocks under various orientation, viewing, 
and lighting conditions (Figs. 1A, 2A, and 
3). Others could not be interpreted as three- 
dimensional objects (Fig. 1, B to D, and 
Fig. 2, B and C). We asked whether visual 
search could distinguish among these items, 
and if so, which scene properties were rele- 
vant 

A Macintosh computer was used to gen- 
erate the displays, control the experiments, 
and collect the data (4). Observers searched' 
for a single target item among 1, 6, or 12 
items (5). The target was present in half the 
trials and randomly distributed throughout 
the trial sequence (6). Observers were in- 
structed to maintain fixation and to keep 
errors below 10% (7). Target presence or 



A 



I 
l 



aoo - 



i- 



(la 




D 

x r 




12 I 6 

Display slxt 




9 FEBRUARY 199O 



RETORTS 721 



